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Abstract
Anhydrous ammonia, the most commonly used nitrogen (N) fertilizer in Iowa, is unique in the ways it
behaves in soils. Injected as a liquidgas mixture, it immediately reacts with the soil to form ammonium (NH4
+ ), an ion that is strongly attracted to soil particles. Because of this strong attraction, the ammonium ions are
retained in high concentrations that are localized within bands formed by the fertilizer applicator. The high
ammonium concentration found in these bands is the major factor that distinguishes anhydrous ammonia from other
fertilizers.
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Demonstration of the unique slow-release 
characteristic of anhydrous ammonia fertilizer 
Background and goals 
Anhydrous ammonia, the most commonly used 
nitrogen (N) fertilizer in Iowa, is unique in the 
ways it behaves in soils. Injected as a liquid-
gas mixture, it immediately reacts with the soil 
to form ammonium (NH4+), an ion that is 
strongly attracted to soil particles. Because of 
this strong attraction, the ammonium ions are 
retained in high concentrations that are local­
ized within bands formed by the fertilizer 
applicator. The high ammonium concentra­
tion found in these bands is the major factor 
that distinguishes anhydrous ammonia from 
other fertilizers. 
High ammonium concentrations localized 
within bands tend to retard the fertilizer's 
conversion to nitrate (NO3-), the form of N 
usually taken up by plants. This retardation 
gives the anhydrous ammonia a "slow-release" 
characteristic. In an effort to create this slow-
release effect, farmers—until recently unaware 
of this characteristic of anhydrous ammonia— 
often purchased nitrification inhibitors (com­
pounds that "stabilize" the fertilizer by retard­
ing the conversion of ammonium to nitrate). 
Slow release of nitrate is desirable when fertil­
izers are applied several weeks before plants 
begin rapid uptake ofNO3-. Rapid conversion 
of ammonium to nitrate can result in signifi­
cant losses of fertilizer N during rainy periods. 
Nitrate, unlike ammonium, can leach (perco­
late) from the root zone when excess water 
passes through the soil. It also can be con­
verted to a gas (denitrified) when excess water 
remains in the soil. 
Conversely, a possible disadvantage of a slow-
release fertilizer is that nitrate formation may 
be too slow to supply nitrate needed for rapid 
growth. This possibility is greatest when fer­
tilizers are applied (sidedressed) after the plants 
have grown to heights of 6 inches (in.) or more. 
The overall objective of this two-part project 
included gathering information about the eco­
nomic and environmental benefits of adjust­
ing management practices to capitalize on the 
unique slow-release characteristic of anhy­
drous ammonia. The rationale for the study 
was that the slow-release characteristic may 
(1) reduce the need for purchasing expensive 
nitrification inhibitors, (2) reduce the amounts 
of fertilizer needed, and (3) provide informa­
tion to help determine the optimal time for 
fertilizer application. 
Part 1—field demonstration 
Approach: Researchers studied the effects of 
various N fertilizer rates, application times, 
and placements across 234 corn plots at the 
Iowa State University Agronomy and Agri­
cultural Engineering Farm in 1988. 
The effects studied included ammonium and 
nitrate concentrations in the top 12 in. of soil 
when corn plants were 6 to 12 in. tall, nitrate 
concentrations in the lower cornstalk at the 
end of the growing season, and corn yields. 
Fertilizer N was applied at five rates, ranging 
from 0 to 250 pounds (lb)/acre, either as broad­
cast ammonium sulfate or banded anhydrous 
ammonia. The anhydrous ammonia was ap­
plied in one band per row or one band per two 
rows. Each rate and placement was applied in 
fall, spring, and as a sidedressing. 
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Findings: Severe drought in 1988 worked 
against efforts to demonstrate the slow-release 
benefits of anhydrous ammonia; the rate, tim­
ing, and placement of N did not influence corn 
yields. 
Even so, demonstration provided important 
information about the N requirements of corn 
in dry years. The results of the soil analyses, 
the stalk nitrate concentrations, and the yield 
measurements all indicate that little fertilizer 
N was required to maximize corn yields. 
This study, funded for three additional years 
by the Iowa Corn Promotion Board, also serves 
as the major source of information needed to 
calibrate the late-spring soil nitrate test for 
fields treated with anhydrous ammonia. 
Part 2—N-15 tracer studies 
Approach: Analysis of soil samples collected 
in a 1986 study provided more information 
about late-season distributions and carry-over 
of N from anhydrous ammonia that was 
sidedressed to corn. The anhydrous ammonia 
was labeled with N-15, a special kind of N. N­
15 looks and behaves like ordinary fertilizers. 
But researchers can identify or "trace" its 
transformations or movements after it is mixed 
with the soil or taken up by the plant by 
analyzing soil samples collected at various 
depths and times. Subsequent analysis of the 
corn plants reveals the amount of fertilizer N 
taken up by the plant. 
The N-15-labeled anhydrous ammonia was 
applied to small plots at rates ranging from 28 
to 262 lb/acre. Portions of each plot were 
excavated at 6, 19, and 48 weeks after the 
fertilizer was applied. Excavation of each plot 
involved collection of 51 soil samples from 
various positions relative to the fertilizer band. 
Each sample was analyzed to determine the 
amounts of labeled N present as ammonium, 
nitrate, and KMI-N. (KMI-N is a general term 
used to describe many forms of N that are not 
available to plants until they are transformed 
back to ammonium or nitrate.) Most of the 
KMI-N probably resides in organic matter; its 
formation could be explained by any of several 
mechanisms. Corn plants were also collected 
12 
and analyzed to determine amounts of fertil­
izer recovered by the crop. (Unlike 1988, the 
1986 growing season had above-average rain­
fall.) 
Findings: The addition of a nitrification in­
hibitor (N-Serve™) had a significant effect on 
ammonium concentrations at six weeks (ap­
proximately silking time), but it had no effect 
on ammonium concentrations at other times, 
nor did it affect recovery of labeled N in the 
nitrate, KMI-N, or plant fractions. 
Analysis of soil samples collected at 19 weeks 
(harvest) showed that corn plants seemed to 
scavenge essentially all nitrate and ammo­
nium from the root zone. Figure 1 summarizes 
recoveries of the labeled N fertilizer in the 
various plant and soil fractions at harvest. 
Recoveries of labeled N in all soil and plant 
fractions tended to increase linearly with rate 
of N application. Percentage recovery of 
labeled N tended to be independent of N appli­
cation rate. Recoveries averaged 14 percent in 
grain, 5 percent in stover (the stems and leafy 
part of the corn plant after ears are harvested), 
and 60 percent in the soil at harvest. 
Labeled N found in the soil at 48 weeks (spring 
of the next year) was found largely (88 per­
cent) in forms unavailable to plants. 
Implications 
The transformations of fertilizer N in Iowa 
corn fields are clearly more complex than is 
generally realized; it is an over-simplification 
to say that fertilizer-derived N is merely con­
verted to nitrate and taken up by plants. This 
project represents the second recent N-15-
tracer study in Iowa showing that, even when 
excessive amounts of N are present, corn plants 
tend to scavenge all ammonium and nitrate 
from the root zone late in the season. Other, 
ongoing studies also show that substantial 
amounts of fertilizer N are incorporated into 
forms that are largely unavailable to plants 
during the next few growing seasons. 
In the majority of cases, farmers may not be 
attaining the potential benefits associated with 
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Fig. 1. Labeled N recovered in various plant and 
soil forms after application of labeled 
anhydrous ammonia. AA+NI is anhydrous 
ammonia having a nitrification inhibitor (N-
Serve™); AA-NI is anhydrous ammonia 
having no inhibitor. 
a slowly nitrifying fertilizer and expensive 
nitrification inhibitors. The practice of apply­
ing nitrification inhibitors with spring-applied 
or sidedressed N should be actively discour­
aged until objective studies show that these 
treatments are beneficial 
The late-spring soil nitrate test should be re­
garded as a promising tool for improving N 
management during corn production. Nitrate 
concentrations found in unfertilized soils at 
this time probably should be attributed more to 
nitrate formation during the decomposition of 
soil organic matter or plant residues than to 
carry-over of nitrate from one season to the 
next. 
For more information 
contact A. M. Blackmer, 
Agronomy, Iowa State 
University, Ames, Iowa, 
50011, (515)294-7284. 
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